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Abstract. Neurofibromatosis type 1 (NF1) is the most common genetic condition caused by NFI gene alteration. A 1.5 Mb
submicroscopic deletion encompassing the entire NFI gene, is known to be responsible for approximately 5% of NF1 cases.
Patients with NF'/ deletion, compared to those with NF/ mutation tend to exhibit more severe phenotypes. To know the pos-
sible differences in oral/dental features between NFI deletion and NF'/ mutation patients, we examined four patients with NF/
deletion and three with NF/ mutation to compare their oral manifestations. Fused teeth in the mandibular anterior region were
found only in the patients with deletion (2/4). Macrodontia was noted in all four patients with an NF/ deletion. Although macro-
dontia was also found in one patient with a mutation, it was relatively mild compared to the deletion patients. Dental caries were
observed in both NFI deletion (4/4) and mutation (2/3) patients. However, patients with NF'1 deletions showed more apparently
severe caries (average number of dental caries 12.8) than those with NF/ mutation (average number 5.5). Other features also
noted in patients with both deletions and mutations were high-arched palate, hypodontia and malocclusion. Our study might
suggest that fused teeth, macrodontia and increased dental caries are distinctive manifestations of NFI deletion. Providing
comprehensive dental care from early infancy would be very important to prevent dental caries especially in patients with
NF1 deletion.

Keywords: Neurofibromatosis type 1, NFI gene deletion, fused teeth, macrodontia, caries

1. Introduction nodules, optic glioma, skeletal dysplasia, plexiform

neurofibromas, and mental retardation/learning disabil-

Neurofibromatosis type 1 (NF1) is the most common
autosomal dominant genetic condition caused by NF
gene alteration. It affects 1 in 3,000 individuals and is
characterized by multiple café au lait spots, neuro-
fibromas, and axillary/inguinal freckling [1,2]. Other
features associated with the disease include iris Lisch
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ity. Although tumors in the oral and facial areas have
been frequently reported in association with NF1, the
dental manifestations have not been fully characteri-
zed so far. To our knowledge, impacted teeth, displaced
teeth, missing teeth, supernumerary teeth, increased
dental caries, early primary tooth eruption, malocclu-
sion, and periapical cemental dysplasia (in adult female
patients) have been reported in patients with NF1 [3-7].

A submicroscopic deletion which is usually 1.5 Mb in
size and involves the entire NF'/ gene and more than
20 genes adjacent to NFI gene is known to be responsi-
ble for approximately 5% of NF1 cases [8,9]. Patients
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with NFI deletions, compared to those with NF'/ muta-
tions, tend to exhibit characteristic phenotypes such as
facial dysmorphism, mental retardation and learning dis-
ability, plexiform neurofibromas, skeletal anomalies and
cardiovascular defects, likely due to the involvement of
contiguous genes around NFI [8,10-14]. However, the
possible differences in oral/dental features between
NFI deletion and NFI mutation patients have not been
investigated in detail. We examined four patients with
NFI deletion and three with NFI mutation to compare
their oral manifestations.

2. Materials and methods
2.1. Patients

A total of seven patients were examined at Saitama
Children’s Medical Center; four (one male, three
females; aged 5-12 yr) were identified as having a
microdeletion including the NF/ gene, and three (two
males, one female; aged 5-12 yr) were identified as hav-
ing a mutation of the NFI gene. Microdeletions were
analyzed by fluorescence in situ hybridization analysis
of metaphase chromosomes from peripheral blood,
using a total of seven bacterial artificial chromosome
clones comprising the bacterial artificial chromosome
clone including NFI (RP11-876L.22) and six neighboring
clones (RP11-96L17, RP11-946G8, RP11-525H19,
RP11-278E4, RP11-164M10, and RP11-55J8). The
results showed that a deletion of approximately 1.5 Mb

Table 1

was detected in all four patients. Mutation analysis using
genomic DNA extracted from peripheral blood was
performed by means of polymerase chain reaction and
direct sequencing of the coding regions for all exons.
The results identified a splice mutation (c.1185+1G<A)
in patient 5 and nonsense mutations (c.574C>T and
¢.3986C>G, respectively) in patients 6 and 7. Clinical
manifestations are shown in Table 1. Neurofibromas of
the oral and maxillofacial region were not present in
any patient. This study protocol was approved by the
Ethics Committee of Saitama Children’s Medical Center
and proper informed consents were obtained from the
patients and their legal guardians of the patients.

2.2. Examination of craniofacial and oral condition
by dental casts and radiographs

Palate morphology, occlusion, tooth size, and den-
tal arch were evaluated by intraoral examination and
dental cast studies. The relationship of the skeletal
and dental structures and congenital hypodontia were
evaluated on lateral cephalograms and orthopantomo-
graphs. The dimensions of the crown and dental arch
were measured using a caliper with a resolution accu-
racy of 0.01 mm. Lateral cephalometric analysis was
performed based on the method developed by lizuka
and Ishikawa [15] (Fig. 1). All data in this study
(tooth size, dental arch form size, cephalometric find-
ings) were compared with normal values in Japanese
individuals.

Clinical manifestations of the seven patients with neurofibromatosis type 1

Deletion Mutation
Patients 1 2 3 4 5 6 7
Gender F M F F M F M
Age (Years) 12 5 5 6 12 5 6
Height (SD) -0.68 1.02 -0.41 0.57 -1.02 -1.50 -0.08
Occipito-frontal -1.27 1.90 0.31 0.50 0.00 0.29 2.80
circumference
Mental retardation - + + - -
Facial dysmorphism + + + + + -
Café au leit spots + + + + + + +
Neurofibroma + + - - - + -
Plexifrom neurofibroma - - - - - + -
Optic glioma - - - - + - -
Brain MRI UBO UBO UBO UBO UBO UBO UBO
astrocytoma
Others Calcifying VUR, urachal  Preauricular Pes
epithelioma cyst tag planovalgus
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Fig. 1. Landmark points, angles and lines used in cephalometric
analysis. Landmarks: N = Nasion; Or = Orbitale; S = Sella turcica;
Po = Porion; Ar = Articulare; Go = Gonion; Me = Menton; Gn =
Gnathion; Pog = Pogonion; B = B-point; A = A-point; ANS =
Anterior nasal spine; Mo = Molar occlusion; UIA = Upper central
incisor root apex; U1l = Upper central incisor edge; L1A = Lower
central incisor root apex; L1I = Lower central incisor edge; ULII =
Middle of U1I and L1I. Angles: Convexity = N-A line to the A-Pog
line; A-B plane = N-Pog line to the A-B line; SNA = S-N line to the
N-A line; SNB = S-N line to the N-B line; Facial angle = Po-Or line
to the N-Pog line; SNP = S-N line to the N-Pog line; Y axis = Po-Or
line to the S-Gn line; SN-S.Gn = S-N line to the S-Gn line;
Mandibular plane = Po-Or line to the Me-the lower border of the
mandible line; Gonial angle = Ar-the posterior border of the ramus
of the mandible line to the Me-the lower border of the mandible line;
GZN = S-N line to the Ar-the posterior border of the ramus of the
mandible line; FH to SN = Po-Or line to the S-N line; U-1 to FH
plane = U1I-UIA line to the Po-Or line; U-1 to SN plane = UlI-
U1A line to the S-N line; L-1 to mandibular = L1I-L1A line to the
Me-the lower border of the mandible; Interincisal = Ul A-U1I line to
the L1A-L1I line; Occlusal plane = Po-Or line to the Mo-ULI1I line.

3. Results

Oral manifestations noted in seven patients are sum-
marized in Table 2. The prevalence of high-arched palate
was high in both the NFI deletion and mutation patients
(deletion 3/4, mutation 2/3). Dental caries occurred more
frequently in all four patients with NF'/ deletion and two
of the three patients with NF/ mutation, but tooth decay
was more severe in the patients with deletion compared
with those with mutation, with an average of 12.8
affected teeth [10-16] in the former and 5.5 teeth (4

and 7) in the latter type. While mutation type patients
showed caries only in the posterior teeth with less dental
plaque, deletion type patients had caries both in the ante-
rior and posterior teeth and also had more dental plaque
as well (Fig. 2). Fused teeth were present in the mandib-
ular anterior region in two out of four of the patients with
NFI deletion (Patients 2 and 3). Panoramic radiographs
showed congenital hypodontia of the permanent teeth
in both these patients (Patient 2: bilateral second mandib-
ular premolars and left mandibular first premolar; Patient
3: bilateral maxillary and mandibular second premolars
and left mandibular incisor), with hypodontia of the suc-
ceeding permanent teeth for the fused teeth in patient 3.
In the patients with NF/ mutation, hypodontia (bilateral
maxillary second premolars) was present in one out of
three patients (Fig. 3). In terms of tooth size, macrodon-
tia was present in all four NF'/ deletion patients and in
one out of three mutation patients. The number of teeth
greater than 2 SD larger than normal averaged 7.8 in
patients with NFI deletion (4—13 teeth). Only three teeth
exhibited macrodontia in the single NFI mutation
patient (Table 3). Malocclusion was present in one out
of four patients with NFI deletion (Patient 1: crowding)
and one of the patients with NF/ mutation (Patient 6:
open bite). The dental crowding in patient 1 (deletion
type) was associated with the patient’s narrow dental
arch and severe macrodontia (Table 4). In patient 6
(mutation type), it was judged to be caused by tongue
thrusting. Lateral cephalometric analysis showed a ten-
dency toward a dolichofacial pattern in the patients with
NFI deletion with maxillary protrusion, and a tendency
toward labioclination of the maxillary central incisors in
those with NFI mutation (Table 5).

4. Discussion

The intraoral characteristics seen commonly in both
deletion and mutation patients studied were high-
arched palate, hypodontia, macrodontia, malocclusion
and increased dental caries. Fused teeth were found
only in the patients with deletion. Fusion of teeth is a
relatively rare dental anomaly observed in the general
population at a frequency of 4.10% [16]. Therefore,
the fact that we observed fused teeth in two of four
patients with NFI deletion suggests that it may be a
characteristic feature of NF/ deletion. It is noteworthy
that both patients (Patients 2 and 3) who exhibited
hypodontia had fused teeth. Macrodontia was noted
in all four patients with NF/ deletion. Macrodontia is
a rare dental anomaly which may occur in isolation or
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Table 2

Oral anomalies in seven patients

Deletion Mutation Total
Patient 1 2 3 4 5 6 7 Deletion Mutation
High-arched + + - + + - + 3/4 2/3
palate
Fused teeth - + + - - - - 2/4 0/3
Hypodontia - + + - - - + 2/4 1/3
Macrodontia + + + + - + - 4/4 1/3
Dental caries + (10/23) +(10/19)  + (15/19) + (16/22) + (7/22) + (4/24) - (0/22) 4/4 2/3
Malocclusion + Crowding, narrow - - - - + Open bite - 1/4 1/4
dental arch

Parenthesis represents the number of dental caries/the total of present teeth.

Patient 1 Patient 2 Patient 3 Patient 4

Patient 5 Patient 6

Fig. 2. Oral photographs of seven patients. Patients 1-4: deletion, patients 5—7: mutation.

as a component of syndromes such as KBG syndrome,
“polydactyly, postaxial, with dental and vertebral
anomalies”, XXY and XYY male, and hemihyperpla-
sia [17-21]. However, to our knowledge, macrodontia
has not been described previously in NF1. Although
macrodontia was also found in one patient with a muta-
tion, it was relatively mild compared to the deletion
patients, with only three large teeth having a width that
exceeded 2 SD. Thus, macrodontia can be considered a
distinctive feature of patients with NF1 deletion. Den-
tal caries was observed in both NFI deletion (4/4)
and mutation (2/3) patients. However, patients with
NFI deletion showed apparently severe caries (average
number of dental caries 12.8) than those with NFI
mutation (average number 5.5). Tucker et al. [5], on
the basis of a questionnaire study of 37 families of chil-
dren with NF1, reported that individuals with NF1 had

a significantly higher average number of dental caries
(8.1 £ 6.6) than their siblings without NF1 (5.5 = 5.8).
Unfortunately, no genetic investigation of the NF'/ gene
was performed in their study. The authors mentioned
some possibilities to account for increased dental caries
in NF1 patients, including vitamin D deficiency, reduced
bone mineralization (osteopenia or osteoporosis), and
misregulation of various growth factor receptors. In addi-
tion, the author proposed that impaired mental capacity
in NF1 patients might be a risk factor for excessive caries
due to poor oral care. Our deletion patients tended to
show poor oral hygiene indicated by the high plaque
levels on oral examination. This could be explained by
the reduced ability to perform dental care due to mental
retardation. Nonetheless, the cause is still unknown and
further studies are necessary. Malocclusion was not fre-
quently seen in the patients examined. Patient 1 with
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Patient 2 ¢ ¢c ¢ o clcc Cc CC
(Deletion)

Patient 3 cccoccleecoco o
(Deletion)

Patient 7
(Mutation)
c c CcCc o|lc o C C O
O0O0OD0OD0OOoOoooooao
Right Left
6 543 2 1|1 2 3 456
Upper E DCBA|ABC DE
Lower E DCBA|/ABC DE
6 54 3 2 1|1 2 3 4 56

Fig. 3. Fused primary teeth and missing permanent teeth noted
in patients 2, 3 with NF1 deletion, and missing permanent teeth
observed in patient 7 with NF1 mutation. &, Fused primary teeth.
m, Congenitally missing permanent tooth.

NF1I deletion had crowding, and patient 6 exhibited open
bite. The former might be associated with macrodontia
and a narrow dental arch, while the latter was likely
due to tongue thrusting. Lateral cephalometric analysis
showed a tendency toward a dolichofacial pattern in the
patients with NF/ deletion with maxillary protrusion,
and a tendency toward labioclination of the maxillary
central incisors in those with NF'/ mutation.

Grisart et al. [22] reported a family with microdu-
plication of the identical NF/ microdeletion region,
in which patients showed moderate to borderline nor-
mal mental impairment, early onset of baldness and
dental enamel hypoplasia. The author hypothesized
that gene(s) responsible for dental enamel hypoplasia
might reside in the deleted interval, although no can-
didate gene has been identified.

In conclusion, we evaluated seven NF1 patients,
four with NFI deletion and three with NF/ muta-
tion, and found that fused teeth, macrodontia and
excessive dental caries are distinctive manifestations
of NFI deletion. Providing comprehensive dental
care from early infancy would be very important to
prevent dental caries especially in patients with
NF1I deletion.

Table 3
Size of the teeth in seven patients
Deletion Mutation
. 1 2 3 4 5 6 7
Patient
Right Left Right Left Right Left Right Left Right Left Right Left Right Left
Primary teeth
Maxillary
Central incisor 205 200 297 143 -041 -0.57 0.30 -0.51 0.45 -0.08
Lateral incisor 1.37 140 122 1.08 046 -1.51 .22 1.27 -0.37 -0.29
Cuspid 228 219 230 282 -021 -0.67 0.12  0.15 -0.93 -0.93
First molar 1.71 1.73  3.03 1.78 1.43 1.65 238 213 0.83 0.15
Second molar 2.16 1.29 .12 230 278 048 -0.62 -0.78 1.24  1.00 -0.59 0.32
Mandibular
Central incisor 0.67 093 2.14 214 0.55 -0.55
Lateral incisor 1.26  1.76 2.00 2.31 0.21 0.86 -0.82 -0.97
Cuspid 244 0.71 -0.43 0.36 043 275 0.15 044
First molar 1.77 1.81 1.80 2.24 2.27 2.24 0.19 036 127 -1.56 -1.23
Second molar .33 1.13 071  0.71 124 178 -140 -1.67 -0.69 -0.61 -0.38 -0.55 0.94 0.78
Permanent teeth
Maxillary
Central incisor 478 4.39 -0.59 -0.74
Lateral incisor 327 278 0.65 0.39
Cuspid 3.77
First premolar 3.69
First molar 1.20 1.53 -2.59 -1.61 -0.57
Mandibular
Central incisor 4.03 4.19 -0.30 -0.40 1.14 133 -0.12 1.00
Lateral incisor 3.10 4.00 -0.33 0.09
Cuspid 3.03 3.05
First molar 1.82  1.52 -1.78 -0.98

Tooth size represents the distance from the medial to distal. Unit, SD.
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Table 4
Dental arch measurements in seven patients

Deletion Mutation
Patient 1 2 3 4 5 6 7
Maxillary
We 2.04 2.11 -1.09 0.15 -0.42
Wg 0.32 2.27 -2.10 -1.22 -1.73
Lag 1.27 0.76 -0.37 0.77 0.25
W3 No data No data
Ws -2.19 1.77
Lig 2.37 0.66
Mandibular
Wc No data No data 0.48 2.69 0.88
Wg 0.40 -0.12 0.34 0.53 -0.96
Lag -0.36 -0.68 -2.18 No data No data
W; No data No data
W -2.78 1.95
Lis 2.07 1.51

The W¢, W3, Wg, W represents the distance between the primary cuspids, the cuspids, the primary second molars, the first molars. The
Lag represents the length from the distal surface of the primary second molars to the primary incisors central point. The L, represents the
length from the mesial surface of the first molars to the incisors central point. Unit, SD.

Table 5
Lateral cephalometric analysis in seven pat'~ts
Deletion Mutation
Patient 1 2 3 4 5 6 7
Skeletal
Convexity -0.83 2.35 5.63 3.14 -0.61 1.16 -1.49
A-B plane 1.53 -0.31 -0.52 —-0.46 1.53 -1.98 1.68
SNA -0.71 -0.32 2.74 1.49 1.24 -1.56 -0.49
SNB -0.38 -1.02 1.29 1.02 1.74 -3.55 -0.18
Facial angle 0.14 -1.54 -1.08 -0.77 3.52 1.23 0.23
SNP -0.74 -1.27 0.06 -0.16 1.41 -2.36 2.04
Y-axis 0.80 1.77 2.06 2.19 -2.38 -2.66 1.58
SN-S-Gn 1.89 1.82 1.09 1.40 -0.94 1.40 0.78
Mandibular plane 2.51 2.65 1.62 2.87 -2.91 -1.76 0.55
Gonial angle 0.39 0.96 -1.32 2.32 -1.12 -0.34 -0.11
GZN 1.85 0.61 1.51 0.39 0.63 1.44 0.13
FH to SN 0.96 -0.21 -1.56 -0.90 1.31 3.94 -1.22
Denture
U-1 to FH plane 1.18 -0.31 0.07 -3.41 3.84 4.66 1.22
U-1 to SN plane 0.77 -0.34 0.66 1.30 3.14 2.10 1.87
L-1 to mandibular -0.47 0.80 1.65 -1.85 -0.64 2.04 0.09
Interincisal -1.36 -1.09 -141 —0.86 -1.21 -3.50 -1.33
Occlusal plane -0.06 1.00 2.02 0.88 -2.64 -1.69 2.04
Unit, SD.
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